ABStrAct. The objective of the present study was to determine the effects of trans-10, cis-12 conjugated linoleic acid (CLA) in adipose tissue explant cultures of growing pigs on the following responses: lipogenesis (measured as rate of 14 C-labeled glucose incorporation over a subsequent 2-h incubation in the presence or absence of insulin), lipolysis (release of non-esterified fatty acid over a 2-h incubation in the presence or absence of isoproterenol), activities of lipogenic enzymes, and mRNA abundance of fatty acid synthase (FAS). Adipose tissue explants from nine growing pigs (78 ± 3 kg) were cultured in 199 medium with insulin, dexamethasone and antibiotics for 4, 12, 24, and 48 h. The treatments were 1) control: 100 µM polyvinyl alcohol (PVA); 2) pGH: 100 ng/mL porcine growth hormone (pGH) plus 100 µM PVA; 3) CLA200: 200 µM trans-10, cis-12 CLA; 4) CLA50: 50 µM trans-10, cis-12 CLA, and 5) LA: 200 µM linoleic acid. Fatty acids were added along with PVA (2:1), respectively, for 24 h. Explants were collected after each culture period and assayed for lipogenesis. Transcripts of FAS mRNA were quantified by real-time RT-PCR after 24 and 48 h. Lipolysis and activities of FAS, glucose 6-phosphate dehydrogenase, 6-phosphogluconate dehydrogenase, and NADP-malate dehydrogenase were determined after 48 h. As expected, glucose incorporation was decreased (P < 0.05) in response to pGH treatment (positive control). LA Effect of trans-10, cis-12 CLA on lipid metabolism had no effect on any parameter evaluated. Treatment with trans-10, cis-12 CLA decreased FAS activity (P < 0.05), but NADPH-generating enzymes were unaffected by treatments. Consistent with reduction in FAS activity, both lipid synthesis and FAS mRNA abundance were reduced with chronic CLA treatment, pGH increased baseline and stimulated lipolysis (P < 0.05) after 48 h of culture, while CLA treatment had no effect on nonesterified fatty acid release. Results of this study showed that trans-10, cis-12 CLA alters lipogenesis but has no effect on lipolysis in cultures of pig adipose tissue.
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IntroDuctIon
Several studies have demonstrated that physiological effects of conjugated linoleic acid (CLA) go beyond the anti-tumor effect initially observed in bovine meat (Pariza et al., 1979) . CLA isomers are found mainly in ruminant products (e.g., milk and meat) and are intermediates in the biohydrogenation pathways of linoleic acid (LA) in the rumen. Nearly twenty different isomers of CLA have been identified in milk and meat from ruminants. Studies have shown that part of CLA effects are related to an anti-lipogenic action, with alteration of body composition in mice (Park et al., 1997) and swine (Dugan et al., 1997 (Dugan et al., , 1999 Ostrowska et al., 1999; Bee, 2000; Thiel-Cooper et al., 2001 ) and changes in milk fat content and profile of dairy cows (Chouinard et al., 1999; Giesy et al., 1999; Baumgard et al., 2000; Medeiros et al., 2000) . Most of these effects were shown to be associated with a decreased activity of lipogenic enzymes (Piperova et al., 2000; Lin et al., 2004; Hayashi et al., 2007) .
trans-10, cis-12 CLA has been identified as the CLA isomer responsible for reducing milk fat synthesis (Baumgard et al., 2000) and mRNA concentration of several lipogenic enzymes in the mammary gland (Baumgard et al., 2002; Peterson et al., 2003) . Similarly, this CLA isomer can also affect the body composition of mice, with reduction in fat deposition and activity of the lipoprotein lipase enzyme in 3T3-L1-cultured murine adipocytes (Park et al., 1999) . Other effects of trans-10, cis-12 CLA include: reduced activity and mRNA abundance of stearoyl-CoA desaturase (SCD) (Lee et al., 1998; Choi et al., 2000; Park et al., 2000; Baumgard et al., 2000) , reduced lipid accumulation in human adipocytes (Brown and McIntosh, 2003) , and increased LDL:HDL ratio in healthy humans (Tricon et al., 2004) . However, most of the studies involving CLA were conducted with different animal models using a mixture of several isomers at different doses, usually with in vivo administration followed by in vitro evaluation or in vitro administration with cell lines (e.g., 3T3-L1). Thus, it is not surprising that results are varied or even contradictory.
Cultures of tissue explants are an important tool for studying the mechanisms of action of CLA, since they allow the performance of several simultaneous evaluations. In regard to primary cultures, there are advantages in terms of similarity of the responses in comparison with cell lines which can undergo mutation. In growing pig, adipose tissue is very important in both physiological and economical terms. This tissue stores the reserves of body energy, pre-dominantly as lipids (Bauman and Davis, 1975) . Lipid synthesis in swine occurs predominantly in the adipose tissue by de novo pathway using glucose as substrate. In general, changes in the rate of lipid synthesis parallel changes in the enzyme activities (Sinnett-Smith et al., 1979) such as fatty acid synthase (FAS), considered a key regulator of this biochemical pathway.
The objective of this study was to determine the effect of trans-10, cis-12 CLA on lipid metabolism using cultures of subcutaneous adipose tissue explants obtained from growing pigs.
MAtErIAL AnD MEthoDS

Pig adipose tissue culture explants
Nine Landrace x Large White castrated male pigs with an average weight of 78 ± 3 kg were humanely slaughtered in agreement with Animal Care and Use Committee of the University of São Paulo and used as a source of adipose tissue. Animals were fed diet containing 78% corn and 19% soybean meal, which had 3.3% ether extract (on a dry matter basis). Approximately 7% of the metabolizable energy came from lipids, and animals had free access to feed and water until slaughter. About 20 g subcutaneous adipose tissue was removed post mortem from the upper leg (ham) of each pig and immediately placed in transport buffer (25 mM HEPES, 0.15 M NaCl, pH 7.4, at 37°C). In the laboratory, 50 to 100 mg (explants) of the intermediate layer from subcutaneous adipose tissue were aseptically removed and placed into multi-well plates containing Medium 199 with Earle's salt, 0.1 g/L L-glutamine, 25 mM HEPES and 25 mM sodium bicarbonate, pH 7.4, supplemented with antibiotics and maintained at 37°C (Lanna et al., 1995) . These explants were used for each hormonal treatment for each pig. The treatments were 1) control: cultures were supplemented with 0.1 µg/mL insulin, 10 nM dexamethasone and 100 µM polyvinyl alcohol (PVA, Sigma Chemical); 2) growth hormone (pGH) cultures received 0.1 µg/mL pGH (porcine recombinant growth hormone -Reporcin  , Southern Cross Biotech), 0.1 µg/mL insulin, 10 nM dexamethasone and 100 µM PVA; 3) CLA200 cultures received 100 ng/mL insulin, 10 nM dexamethasone and 200 µM trans-10, cis-12 CLA; 4) CLA50 cultures received 100 ng/mL insulin, 10 nM dexamethasone and 50 µM trans-10, cis-12 CLA, and 5) LA cultures received 100 ng/mL insulin, 10 nM dexamethasone and 200 µM LA (Sigma).
The cultures were incubated in 5% CO 2 at 37°C for 4, 12, 24, and 48 h. Explants from each pig and treatment were collected and assayed for lipogenesis. Other explants were collected after 24 or 48 h and assayed by real-time RT-PCR (reverse transcriptase-polymerase chain reaction) for FAS mRNA transcripts. Lipolysis and enzyme activities of FAS, glucose 6-phosphate dehydrogenase (G-6PDH), 6-phosphogluconate dehydrogenase (6-PGDH) and NADP-malate dehydrogenase (NADP-MD) were determined after 48 h.
Fatty acids were associated with PVA in order to introduce them into the culture. CLA or LA were diluted in dimethyl sulfoxide (Sigma) and added in 2.5 mM PVA in phosphatebuffered saline, pH 7.4, under aseptic conditions at 37°C, for 24 h. The control treatment, with PVA only, was carried out in the same way, except for the addition of fatty acid. The fatty acid:PVA ratio was 2:1 and the CLA doses were obtained in preliminary assays (José et al., 2007) . The concentration of the supplement containing CLA in the CLA200 treatment was adjusted to 212 µM in order to allow a final concentration of 200 µM trans-10, cis-12 CLA isomer. This CLA supplement was kindly donated by Dr. Dale Bauman (Baumgard et al., 2000) and its composition is presented in Table 1 .
Lipogenesis assay
After incubation, the explants were transferred to scintillation vials containing 2 mL lipogenesis medium (1X Krebs Ringer buffer, 0.65 mM CaCl 2 , 10 mM HEPES, 10 mM glucose and 0.5 µCi/mL glucose D-[ 14 C (U)] -Amersham Biosciences; pH 7.4) and incubated for 2 h in 5% CO 2 at 37°C in a shaking water bath. This was done in triplicate for a) baseline lipogenesis: no insulin was added and b) insulin lipogenesis: 1 µg/mL insulin. Subsequently, lipids were extracted from tissue explants according to Folch et al. (1957) with some modifications. Explants were transferred to extraction vials containing 5 mL of a 1:2 methanol:chloroform mixture and incubated for 1 h at room temperature. After that, 1 mL 1% NaCl was added. After 12 to 16 h of incubation, the lower phase was collected and then transferred to scintillation vials where 0.5 mL hexane and 5 mL scintillation liquid were added (Sigma). Radiation was measured in an automatic scintillation counter (Beckman Instruments -LS 5000 TD -Liquid Scintillation System). Lipogenesis rate was expressed in nmoles of glucose incorporated per gram of tissue in 2 h.
Enzymatic activity assay
The assay of the enzyme FAS was performed according to Ingle et al. (1973) with some modifications. Samples of cultured explants for each treatment were homogenized in a Polytron (Polytron -PT MR 21-00, Kinematica AG) using a 3-mL solution containing 0.15 M KCl, 50 mM Tris-buffer, 1 mM glutathione and 1 mM EDTA buffer at 4°C and pH 7.4. FAS activity was calculated indirectly by spectrophotometry at 340 nm which indicates the rates of NADPH to NADP conversion in incubation tubes containing substrate, co-factors and the homogenate of the adipose tissue. The concentrations of the reagents were: 40 mM potassium phosphate buffer plus EDTA, pH 6.8, 0.1 mM malonyl CoA, 0.1 mM acetyl CoA, 0.3 mM NADPH and 0.4 mM dithiothreitol. The assays of the enzymes NADP-MD, G-6PDH and 6-PGDH were performed according to Bauman et al. (1970) and Glock and McLean (1953) , respectively. Protein concentration in the homogenate was determined by the biuret method (Gornall et al., 1949) using bovine serum albumin as standard. Enzymatic activities are reported as nmol�min 
real-time rt-Pcr
After 24 and 48 h of culture, 3-4 explants (around 30 mg each) from each animal and treatment were collected, combined to approximately 100 mg, pulverized in liquid nitrogen and submitted to total RNA extraction with the Trizol reagent (Invitrogen). Samples were dissolved in RNAse-free water in duplicate and quantified by spectrophotometer at 260 nm. Purity of total RNA was determined by the A260:A280 ratio. The integrity of each RNA sample was checked by electrophoresis on 1% agarose gels. cDNA samples were prepared from 1 µg total RNA using oligo (dT) primer. The cDNA syntheses were performed with the SuperScript First-Strand Synthesis System for RT-PCR kit (Invitrogen) according to the supplier protocol. PCR products containing 2 µL cDNA were prepared in a final volume of 10 µL. In addition to templates, the reactions contained 1X Absolute TM QPCR SYBR  Green MixABgene and 0.25 µM of the sense and antisense primers for each gene (50 cycles, initial denaturation at 95°C for 10 s, followed by annealing at 56°C for 15 s and extension at 72°C for 20 s). The same conditions were used in the programs of PCR for amplification of the FAS and of the β-actin fragments. The primers were designed for the amplification of 126 bp of the cDNA of the FAS gene. The following oligonucleotide primers (Dialab Diagnóstico) were used: sense (5' CGG CTC ACA CAC CTT CGT 3') and antisense (5' TGC TCC ATG TCG GTG AAC T 3') and of 150 bp for β-actin gene (5' TGG TGG GTA TGG GTC AGA A 3' -sense and 5' GCT CGT TGT AGA AGG TGT GG 3'-antisense). The quantifications were performed using a RotorGene 3000 (Corbett Research) (Plant Improvement Laboratory, CENA, USP). The relative quantification method was based on Pfaffl (2001) , and the significance of the differences was estimated by pair-wise fixed reallocation randomization test using the Relative software tool (REST © v.1.9.9), as described previously (Pfaffl et al., 2002) .
Lipolysis assay
After 48 h of incubation, explants were collected and incubated in 2 mL lipolysis medium (1X Krebs Ringer buffer, 0.65 mM CaCl 2 , 2.5 mM HEPES, 5.6 mM glucose and 3% bovine serum albumin, pH 7.4) for 2 h in 5% CO 2 (v/v) at 37°C in a shaking water bath. This was done in triplicate for the following treatments: a) baseline lipolysis: no stimulus and b) isoproterenol lipolysis: 10 µM isoproterenol. Samples from the medium were then collected and analyzed for non-esterified fatty acid (NEFA C  kit, Wako Chemicals) by spectrophotometry. Absorbance values at 540 nm were converted into concentration (µmol/L oleic acid) based on the standard curve, and NEFA concentrations were corrected for explants weight (g) and reported in µmoles of oleic acid per gram of tissue produced for 2 h.
Statistical analysis
Repeated measures analysis of variance was used for the lipogenesis assay. The model included treatment, stimulus, time and their interactions as fixed effects and random effects of animal within treatment versus stimulus as the error term to test the treatments and stimulus effects, respectively. Since the time factor was not equally spaced, covariance structure type SP (POW) (time) was used (Littell et al., 1996) . Data from lipolysis were analyzed according to a split plot model, where treatment was applied to plots (element) and stimulus in sub-plots. For enzymatic activities, the analysis of variance was based on a model including treatment and animal. The Tukey test was used to compare treatments. Differences were considered to be significant when P < 0.05. All analyses were performed using Proc Mixed (SAS, 1999).
Effect of trans-10, cis-12 CLA on lipid metabolism rESuLtS AnD DIScuSSIon
Treatment effects on 14 C-glucose incorporation in cultures of adipose tissue explants incubated for 4, 12, 24, and 48 h are shown in Table 2 . There were treatment and time effects (P < 0.001), but interactions among treatment, time and stimulus were not statistically significant.
Data are reported as means (SD) from cultures of adipose tissue explants (N = 9). C: control (100 µM polyvinyl alcohol); pGH: 100 ng/mL porcine growth hormone; LA: 200 µM linoleic acid; CLA50: 50 µM trans-10, cis-12 conjugated linoleic acid. CLA200: 200 µM trans-10, cis-12 CLA. Different probability between treatments (*P < 0.05; Ns: P > 0.05). The rate of 14 C incorporation was decreased along the incubation periods (data not shown). This reduction was more pronounced than in other studies, but the values still remained high enough to demonstrate that explants were metabolically active. The rate of 14 C incorporation after 48 h of pGH treatment also indicates that cultures were responsive to the positive control. However, the inhibitory effect of pGH on lipid synthesis was lower than that observed in experiments conducted under the same conditions with either pig adipose tissue culture (Lanna et al., 1994; Etherton et al., 1995) or lactating cows (Lanna et al., 1995; Lanna and Bauman, 1999) . Contrary to expectations, the lipogenesis rate was unaffected by CLA treatment in the present study and the reason for the lack of response to CLA is not clear. Several mechanisms have been proposed to explain the inhibitory effect of CLA on lipogenesis observed in some studies. Reductions in both key enzyme activities and substrate availability seem to be involved. The last hypothesis is consistent with the lower Glut 4 mRNA abundance in brown and white adipose tissues of mice treated with a mixture of CLA isomers, after 21 days of administration (Takahashi et al., 2002) . In contrast, Satory and Smith (1999) observed that a mixture of CLA isomers (41% cis-9, trans-11 and 44% trans-10, cis-12) , at 6 µM, induced an accumulation of lipids by de novo pathway in the 3T3-L1 adipocyte cell line. On the other hand, Park et al. (1997) observed a reduction in lipase lipoprotein activity and an increased NEFA release using the same cell line, but with a higher dose (100 µM) of a similar CLA isomer mixture (approximately 50% cis-9, trans-11 and 50% trans-10, cis-12) . It is likely that differences in doses can explain at least part of these contrasting responses. However, plenty of studies have consistently demonstrated the inhibitory effect of trans-10, cis-12 on lipogenesis. This effect seems to be associated with the interaction among the trans-10, cis-12 CLA and some transcription factors, such as the sterol regulatory element-binding protein (Takahashi et al., 2003) . Although CLA treatment had no significant effect on lipid synthesis rate in the present study, FAS activity was reduced by the treatment with 200 µM trans-10, cis-12 CLA (P < 0.05, Table 3 ). Ac-cordingly, FAS mRNA abundance was reduced by both CLA doses by ~60 and 50% in relation to control after 24 and 48 h of treatment, respectively (Table 4) . As expected, pGH had a pronounced inhibitory effect on FAS activity, which is consistent with associated changes in FAS mRNA abundance observed after 48 h of treatment (Table 4 ). The magnitude of this response was even higher than that observed by Lanna et al. (1994) . . FAS: fatty acid synthase; G-6PDH: glucose 6-phosphate dehydrogenase; 6-PGDH: 6-phosphogluconate dehydrogenase; NADP-MD: NADP-malate dehydrogenase. For other abbreviations, see legend to Table 2 . Different letters in the same row indicate statistically significant difference (P < 0.05), with exception of FAS, interaction with C x pGH (P < 0.10). Values of FAS transcripts normalized for β-actin, after 24 and 48 h of culture and expressed relative to the control (100 µM polyvinyl alcohol) (P > 0.05). For abbreviations, see legend to Table 2 .
The reduction of the FAS activity by both CLA200 and pGH was not accompanied by reduction in the activity of the pentose pathway enzymes (i.e., production of NADPH) (Table  3) . This response is similar to that observed when GH is administered to dairy cows, despite the pronounced inhibitory effect on lipid synthesis (Lanna, 1993) . This suggests that the abundance of these enzymes is such that they do not have a regulator role in these biochemical pathways.
The inhibitory effect of trans-10, cis-12 CLA on FAS mRNA abundance is consistent with data from another study, mainly in mammary gland tissue (Matitashvili et al., 2001) . Coherent with the reduction in FAS enzymatic activity after 48 h, the treatment with 200 µM CLA caused a reduction of 22% in relation to the first 24 h of culture. It suggests that the possible CLA effects on lipid metabolism can take longer to occur.
In experiments where alterations were observed in the mRNA abundance of the enzymes involved in the metabolism of lipids, the diets containing trans-10, cis-12 CLA were fed over a longer period of time (3 weeks). After 3 weeks of CLA supplementation, Peterson et al. (2003) observed reductions in both FAS and acetyl-coenzyme A carboxylase (ACC) mRNA abundance in biopsies of the mammary gland tissue of lactating cows, which occurred simultaneously with a reduction in milk fat secretion. In contrast, Choi et al. (2000) observed no alterations in FAS mRNA expression when immature 3T3-L1 adipocytes were cultured with trans-10, cis-12 CLA. In a previous study, where the effects of pGH were evaluated under the same conditions, José et al. (2006) observed a reduction of 22% in FAS enzymatic activity, which was accompanied by 70% of reduction in mRNA abundance after 48 h of incubation. In the present study, the effects were similar in direction, but of different magnitude. The difference between the half-life of the FAS protein (i.e., around 48 h) and its corresponding mRNA (i.e., 3 to 5 h; Back et al., 1986) suggests that a larger difference would be expected for mRNA abundance in relation to protein. Baumgard et al. (2002) observed a reduction in FAS, ACC and SCD mRNA abundance in the mammary gland from cows abomasally infused with trans-10, cis-12 CLA for 5 days. Similarly, Lin et al. (2004) observed a reduction in ACC activity and mRNA abundance in the mammary gland of lactating female rats fed trans-10, cis-12 CLA from 4 to 15 days postpartum. The FAS mRNA abundance was also reduced in response to CLA, but its enzyme activity remained unchanged. Unlike that observed in the mammary gland, the activities and mRNA abundance for both ACC and FAS in the liver were not affected by CLA treatment (Lin et al., 2004) . Hayashi et al. (2007) observed a reduced activity of the FAS, G-6PDH and 6-PGDH enzymes in the liver and mammary gland of female rats fed diets supplemented with CLA60 (~35% of trans-10, cis-12 CLA) from the 1st to the 15th day postpartum. In the adipose tissue, however, only the FAS activity was reduced in response to CLA, which corroborates data from the present study. A lower FAS activity was also observed in the mammary gland of cows abomasally infused with trans-10, cis-12 CLA (Piperova et al., 2000) . In general, data from several studies suggest that mammary gland is more responsive to trans-10, cis-12 CLA than adipose tissue. As observed in the present study, Hayashi et al. (2007) did not observe any difference in the activities of the NADPH-generating enzymes of the pentose pathway in the adipose tissue of lactating rats. According to Mersmann (2001) , responses to CLA can vary among species due to differences in lipid metabolism, making comparisons somewhat complicated. For instance, liver is the most important site of lipid synthesis in rodents, whereas is swine, it occurs mainly in adipose tissue. Corino et al. (2003) observed that NADP-MD and G-6PDH activities were unchanged in the adipose tissue of swine fed a mixture of CLA isomers, but ACC activity was decreased. In contrast, Bee (2000) observed an increase in G-6PDH and NADP-MD activities in the adipose tissue when swine were fed a mixture of CLA isomers. These changes were not accompanied by increases in the FAS activity.
The effects of the treatments on lipolysis, after a 48-h culture, were appraised for the release of NEFA during a 2-h period of baseline and isoproterenol incubation (Table 5 ). There were effects with both treatments (P < 0.001) and stimulus (P < 0.001), but interaction between treatment and stimulus was not significant (P > 0.05). Data are reported as means (SD) from cultures of adipose tissue explants (N = 9).
1 Lipolysis values of non-esterified fatty acid (NEFA) release over a 2-h incubation in the presence or absence of isoproterenol. For abbreviations, see legend to Table 2 . Different probability between treatments (*P < 0.05; **P < 0.01; Ns: P > 0.05). The pGH treatment induced an increase in NEFA mobilization regardless of stimulus, which is consistent with its well-established stimulatory effect on lipolysis. These results indicate that lipolytic mechanisms of the explants in culture were capable of responding to the treatments. NEFA mobilization was unchanged by CLA treatments. In 3T3-L1 adipocytes treated with trans-10, cis-12 CLA for 6 days, an increase of 18% was observed in baseline lipolysis, measured by glycerol release in relation to the control. There was also a 300-fold increase in glycerol release in lipolysis stimulated with isoproterenol and adenosine deaminase. In contrast, cis-9, trans-11 CLA caused a decrease of 11% in glycerol release in the medium (Evans et al., 2002) . In hamsters fed diets supplemented with the trans-10, cis-12 CLA for 28 days, there was a decrease in the absorption of fat in the intestine and a possible increase of lipolysis in the liver, greater than in the adipose tissue under isoenergetic conditions (Bissonauth et al., 2006) . In contrast with these results and consistent with those obtained in the present study, lipolysis in primary cell cultures of the vascular stroma of human adipose tissue was unaltered by either trans-10, cis-12 or cis-9, trans-11 CLA isomers, after a 3-day period of supplementation (Brown et al., 2001) . The lack of trans-10, cis-12 CLA effect on lipolysis observed in the present study and others (Brown et al., 2001; Perfield et al., 2002; Xu et al., 2003) suggests that mechanisms by which this CLA isomer decreases fat accretion in growing animals are based mainly on an inhibited lipogenesis instead of a stimulated lipolysis.
concLuSIonS
The in vitro system was shown to respond normally to positive control (growth hormone), as indicated by decreased lipogenesis, increased lipolysis and decreased FAS activity and transcripts, suggesting that this system was adequate to perform the CLA tests.
The CLA200 treatment decreased FAS activity and transcripts when compared to linoleic acid. Lipid mobilization was unchanged by trans-10, cis-12 CLA.
